A simple, efficient and inexpensive ligandless cloud point extraction method was developed for the preconcentration of trace amounts of iron from natural water samples, followed by flame atomic absorption spectrometry detection. The proposed method is based on the extraction of Fe(III) ions at pH 7.0 using the non-ionic surfactant Triton X-114 without the addition of any chelating ligand. The effect of parameters influencing the extraction efficiency such as sample pH, concentration of surfactant, incubation temperature and time, concentration of NaCl and sample volume were investigated and optimized. The effect of potentially interfering ions on the recovery of iron was also examined. Under optimum conditions, the detection limit (3σ) was 0.95 μg L À1 for Fe using a sample volume of 10 mL. A preconcentration factor of 20 was achieved. The accuracy of the method was checked through the analysis of certified reference materials (SLRS-5 river water, SPS-SW2 Batch 127 surface water) and spiked water samples. The percentage recovery values for spiked water samples were between 92% and 101%.
INTRODUCTION
Iron is widely distributed in nature as a variety of compounds and is one of the most important elements in environmental and biological systems (Khayatian et al. ) . Iron plays many more biological roles in living systems than any other element. Among its vital functions, oxygen transfer to tissues is of primary importance. Iron is needed for the suitable functioning of many enzymes involved in synthesis of DNA, energy metabolism, and protection against free radicals and microbes (Khajeh & Dastafkan ) . It is well known that an iron deficiency is the most common cause of anaemia (Kassem & Amin ) . On the other hand, exposure to excess iron can cause several diseases. High levels of iron are associated with an increased risk for cancer, heart disease, and other illnesses such as endocrine problems, arthritis, diabetes, and liver disease (Duran et (1) solubilization of the analytes in the micellar aggregates;
(2) clouding; (3) phase separation for analysis. When a micellar solution of a non-ionic or weakly polar surfactant is heated up, the polarity of the surfactant is decreased. 
Reagents and solutions
All the reagents used were analytical grade and water purified by a reverse osmosis system (AquaTurk Reverse Osmosis System, HSC ARITIM, Istanbul, Turkey) was used to prepare all the solutions. Nitric acid, acetic acid and ammonia were obtained from Riedel-de Haen 
CPE procedure
An aliquot of Fe(III) working standard solution was transferred to a 50 mL polyethylene centrifuge tube. Ammonium acetate buffer (1.0 mL, pH 7.0) and 0.5 mL of 1% (w/v) Triton X-114 solution were added. The mixture was diluted to 10 mL with deionized water. The mixture was manually shaken for 5-6 sec and left to stand for 10 min in a thermostated water bath set at 40 W C. The resulting solution was centrifuged at 4,000 rpm for 7 min to obtain phase separation. It was then cooled at þ4 W C in a refrigerator for 10 min to increase the viscosity of the surfactant-rich phase. The aqueous phase was removed with a Pasteur pipette and, to decrease its viscosity, the surfactant-rich phase was diluted to 0.5 mL with 1.0 mol L À1 HNO 3 . The final solution was aspirated directly into the FAAS instrument.
The CPE procedure described above was also applied to the blank and calibration standards.
Applications to real samples
The certified reference materials, SPS-SW2 level 2 Batch 127 and SLRS-5, were analysed to evaluate the accuracy of the developed method. The pH of the certified water samples was adjusted to 7.0 with ammonium acetate buffer solution and 10% (w/v) sodium hydroxide solution.
Afterwards, the analytical procedure given above was applied to the samples.
The proposed method was also applied to five water samples including a sample of tap water (Balıkesir University), three samples of seawater (from the Aegean Sea near the Edremit Coast, and the Marmara Sea close to the İzmit and Yalova Coasts) and a sample of river water (Küçük Bostancı, Balıkesir). The accuracy of the method was also checked by measuring the recovery of Fe(III) in spiked water samples. The river water and seawater samples were filtered through a cellulose membrane filter of 0.45 μm pore size, acidified to pH 2 with nitric acid and stored in precleaned polyethylene bottles. For the determination of total Fe in the water samples, a 10 mL aliquot of each sample was oxidized by addition of 0.2 mL concentrated HNO 3 . The beaker was covered with a watch glass and boiled on a hot plate for 15 min. After cooling to room temperature, the pH was adjusted to pH 7.0 using ammonium acetate buffer solution and 10% (w/v) sodium hydroxide solution.
Then, the sample was analysed according to the proposed method.
RESULTS AND DISCUSSION

Optimization of the experimental variables
In order to obtain maximum extraction efficiency for Fe ( A reaction for the formation of Fe(OH) 2 þ is given as
K for the equilibrium can be computed from this value for total solubility, assuming a neutral pH, and amounts to 2.5 × 10 À8 .
The little bit of Fe(OH) 3 (s) dissolves if a small amount of H þ is available in pure water at pH 7 (Nolan ):
The effects of temperature and ionic strength on the solubility at low and high pH have been attributed to the effects on the solubility product and the formation of This can be attributed to an increase in volume and viscosity of the surfactant-rich phase. The highest signal was obtained using 0.05% (w/v) Triton X-114. Therefore, 0.05% Triton X-114 was used in order to minimize the phase volume ratio and to achieve the highest extraction efficiency. The effect of NaCl concentration on the extraction efficiency was investigated over the range of 0.0-0.8 mol L
À1
using the same CPE procedure. Quantitative extraction (98%-102%) was obtained for all of the NaCl concentrations studied. Therefore, all the extraction experiments were performed without the addition of salt.
Effect of the volume of sample solutions
In order to obtain a high preconcentration factor, the sample volume is a key consideration. Under optimized conditions, the effect of sample volume on the extraction of 
Effect of matrix ions
The effects of representative potentially interfering species were tested. The effect of foreign ions was evaluated by analysing 10 mL of 50 μg L À1 Fe(III) solution containing concomitant ions at a concentration of 10 mg L À1 (except at 1 mg L À1 for Cr 3þ ), and following the recommended extraction procedure. The results are given in Table 2 . The presence of the tested ions does not affect the recovery of Fe(III) ions. In addition, the effects of some alkali and alkaline earth metal cations and some anions found as major components in natural water samples were investigated.
This was accomplished using a synthetic seawater sample Table 2 . It can be seen that the seawater matrix ions have no significant effect on the recovery of Fe(III). The proposed method can therefore be used successfully to extract Fe(III) from high salinity water samples prior to its determination using FAAS.
Analytical performance of the method and comparison with other methods
The analytical performance of the proposed method was evaluated under the optimized conditions. A calibration graph was constructed using 10 mL of the standard solutions buffered at Mean ± standard deviation based on three replicate determinations. Fe ( . The enrichment factor was calculated as the ratio of the slopes of the calibration graphs obtained using the preconcentration method and direct aspiration. The enrichment factor was found to be 22 for a 10 mL sample solution.
A comparison of the developed method with the other reported preconcentration methods for iron determination is given in Table 3 . As seen from the table, the LOD of the method is better than or comparable to those obtained with other methods. Although the preconcentration factor of the proposed method is already lower than most of the other methods, it can be improved further by using larger sample volumes. As shown in Table 1 , the proposed method yielded very good recovery values and a preconcentration factor of 80 when 40 mL of the sample was used.
Analysis of certified sample
In order to evaluate the accuracy of the developed method, two certified reference materials, SPS-SW2 level 2 Batch 127 (surface water) and SRLS-5 (river water), were analysed. The analytical results are given in 
Application of the method to real samples
In order to evaluate the applicability of the proposed method, it was applied to the determination of Fe in tap water, river water and seawater samples. The accuracy of the proposed method was checked by spiking the samples with different concentrations of Fe(III). The results are given in Table 5 .
As can be seen from Table 5 , the recoveries of the spiked water samples were in the range of 92%-101%, indicating the good reliability and accuracy of the proposed method.
CONCLUSIONS
In this work, a ligandless CPE method was developed for the preconcentration of Fe(III) prior to FAAS 
=s, where t is the statistical value (for two degrees of freedom, the critical value of t at the 95% confidence level is 4.30), s is the standard deviation, N is the number of independent determinations, x is the experimental mean value, and μ is the certified value.
determination. The method is simple, accurate, precise, sensitive, safe, environmentally friendly, easy to use and economic. Only Triton X-114 and ammonium acetate are used and these are readily available in most laboratories. also has the benefit of separating the analyte from the sample matrix, facilitating interference-free determination.
The presence of salt in the seawater is extremely problematic for both GFAAS and ICP-MS analyses because of light absorption and blockage of torch injectors and cones, respectively. Seawater (Yalova) -6.6 ± 0.9 -13.6 20 26.8 ± 1.8 101 6.7
a Mean value ± standard deviation based on three replicate determinations.
